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Abstract 
In this paper are analysed deformations of ancient churches in Vilnius and in Koenigsberg (Kaliningrad) and possibilities for stabilization 
of its grounds with grouting. Foundations of both Cathedrals were constructed on weak soils. Deformations of Vilnius Cathedral 
foundations are reflected by cracks in structures. Underpinning with bored piles of Vilnius cathedral in years 1931–1937 improved 
situation. Settlements of Koenigsberg cathedral reached approximately 2.0 m during 6 centuries. This cathedral is not underpinned but 
rebuild after Second World War demolitions. Results of laboratory tests with sandy soils from Vilnius Cathedral stabilized with solutions 
of organic polymers are given. Comparison was done of properties of conventional polymer resins with properties of modified resins. 
Such properties of solution of resins have been investigated: density, viscosity, pH (alkalinity level), evaporation of components from 
solution in water and air. During the next stage of investigations properties of alluvial medium dense sand stabilized with conventional 
and modified resins have been compared. Such properties of reinforced soil have been investigated: compressed strength, evaporation of 
formaldehyde from stabilized soil, time dependent strength of soil in air and water medium. Addition of active components to polymer 
resins increase density and pH of solution of organic polymers, decrease viscosity. Compressed strength of sands from Vilnius Cathedral 
stabilized with polymer resins is time dependent and increased from 2.2 MPa after 7 days to 2.9 MPa after 3 months. 12 to 19 times less 
formaldehyde is liberated into the air from soil stabilized with the modified resins than from the soil stabilized with the unmodified resins. 
Test with stabilization for peaty and clay soils from Kaliningrad Cathedral was unsuccessful. 
© 2013 The Authors. Published by Elsevier Ltd.  
Selection and peer-review under responsibility of the Vilnius Gediminas Technical University. 
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1. Introduction 
Many ancient buildings in Baltic Sea region were constructed on soft and weak soils [1]. Two ancient religious buildings 
in Baltic Sea region are very significant in historical and heritage viewpoints but fragile from a geotechnical viewpoint. 
Vilnius Cathedral in Lithuanian capital city and Koenigsberg Cathedral in Kaliningrad, today Russian seaport city and 
center from exclave between Poland and Lithuania, are built on weak soils and in many centuries undergo large settlements 
and high quantity cracks in his structures. If it is possible this two Cathedrals must be underpinned for stabilization of his 
structures and decreasing of settlements. One of methods for stabilization of grounds of these Cathedrals is grouting. 
* Corresponding author. Tel. +370 658 45 076 
E-mail address: rimma@vgtu.lt 
Available online at www.sciencedirect.com
013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
l ction and peer-review under r sponsibility of he Vilnius Gediminas Technical University
731 Rimantas Mackevicius /  Procedia Engineering  57 ( 2013 )  730 – 738 
2. Soils and foundations of Vilnius Cathedral and their properties 
The Vilnius Cathedral was built in the 13
th–16th centuries at the confluence of the Neris river and the Vilnele streamlet. 
Foundations of the Cathedral are situated at the western foot of the Gediminas Hill. The Vilnius Cathedral was 
reconstructed at the end of 18
th century in classicism style according design of talented Lithuanian architect Laurynas 
Gucevicius (1753–1798). The soils under the bottom of the Cathedral were successfully investigated from Lithuanian 
geologists in the 7
th decade of 20th century as cracks had appeared in its walls. 
The original surface of surroundings of Vilnius Cathedral has formed of low-lying and marshy backwater terrace of the 
Neris and Vilnele rivers. In due course the terrace was made higher up to the present-day level at the altitude of 93–95 m 
[2]. Before the foundation of Vilnius the Vilnia river flowed into the Neris surrounding Gediminas Hill from the south and 
from the west by a wide valley. Kacergos small river flowed into the Vilnia at the Cathedral. 
Flowing throughs low-lying and marshy location the Vilnia river meandered strongly leaving the old river-beds which 
gradually grew muddy and peaty. As this place is in the centre of Vilnius cultural layers have been accumulating there since 
the time of the foundation of Vilnius, and they have changed the microrelief of this locality virtually.  
To the west from Gediminas Hill a horn-shaped rise of original relief are found. This rise was chosen for the building of 
Cathedral. The rise lowers abruptly going to the south and to the north, and it ends not reaching the western part of the 
Cathedral [3]. At present it can not to distinguish in the locality because the latter was leveled with made ground and debris 
(t IV) the thickness of which amounts up to 2–4 meters. 
On both sides of the rise and at the end under the debris at the depth of 6–8 meters saturated cultural layers and marshy 
deposits having organic matter and peat have been found. Alluvial deposits follow lower (a IV). There is saturated sandy 
gravel, seldom cobble with sand and gravel as an aggregate. In the upper part sand of different grain-size and sandy clays 
with streaks of organic matter are found. The thickness is 1–4 meter. These mostly stiff soils (
c
q = 10–19 MPa) on which 
the foundations of the part of Cathedral rest [4]. 
Lacustrine deposits of Butenai of middle pleistocene of interglacial lie under the cultural and marshy deposits and 
alluvial formations making the ground for the Cathedral. Silty sand is predominant on the top and silty clay with streaks of 
clay silty sand is deeper. The thickness of the complex is 15 m. 
The sand is dense (
c
q = 16 MPa), water-saturated (W = 25–29%) of greenish grey color. The greenish color is given by 
glauconite [2]. 
The first Vilnius Cathedral was considerable smaller if compared with the present one (black color foundations in Fig. 1). 
It was built on the mentioned rise (horn) at the western end of it. From the very beginning it is masonry. Several periods of 
building in 13
th and 14th centuries were determined. The present volume of Vilnius Cathedral began its formation after the 
fire of 1419 when the walls of the first Cathedral were demolished.  
 
Fig. 1. Foundations of Vilnius Cathedral according investigations of Napoleonas Kitkauskas [3] 
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Since that time the Cathedral suffered greatly from fires, it was repaired and widened. Several times its western wall was 
rebuilt and the foundation were repaired. From 1783 to 1801 the Cathedral was reconstructed and rebuilt (Fig. 2) under the 
supervision of great Lithuanian architect Laurynas Gucevicius [5]. The western wall rebuilt, and the portico with 6 columns 
the weight of which was about 30000 kN was built. 
The foundations of the walls of the eastern and the central part of the Cathedral rest on firm soils. After the fires in 1530 
and 1610 the foundations had to be made deeper: the buildings was rebuilt and widened sideways as well as lengthened to 
the Westside so the foundations got outside the boundaries of the rise. That is why the deepening of the foundations of the 
Cathedral is rather different: from 3 to 7 meters from the present-day surface of the ground. 
 
Fig. 2. Vilnius Cathedral after reconstruction in classicisms style by Laurynas Gucevicius [6] 
The foundations rest on 2.0–2.5 m long wooden piles which hang in soft soils under the western part of the Cathedral, 
and in many places the top surface of piles is decayed. The foundation of the Old Cathedral rich everywhere the alluvial 
soils or the stiff soils of Butenai. The pressure of the building transmitted to the soil is not uniform and varies from 150 to 
420 kPa.  
At the beginning of 20
th century the Cathedral was again in a threatening state of repair. In 1931 established Committee 
of Saving the Cathedral carried out geological investigations of the footing and the strengthening of foundations as well as 
of the aboveground part of the building. The foundations of the external walls were underpinned by reinforced concrete 
piles 0.4 m in diameter. The length of the piles was 11–15 m (Fig. 3). 279 piles were concreted in total. Stiff soils of Butenai 
became their bottom. 
 
Fig. 3. Vilnius Cathedral after underpinning in 1931–1937 [2] 
In due course cracks appeared again in some walls. Geodetic measurements concerning the setting of the Cathedral have 
been carried out for several years, and they show the progressing of cracks in north-west corner of Cathedral (in Valaviciu 
Chapel). If it is possible this part of Cathedral must be underpinned. 
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3. Soils and foundations of Koenigsberg Cathedral and their properties 
The Koenigsberg Cathedral was built more than six centuries ago but it is still settling down. It was built on an island on 
the Pregel river. The ground surface was at the level less than 5 feet above the river water table [7]. 
The island originated from the alluvial deposits of the two streams of Pregel river on the bed of marine and glacial 
deposits. The Cathedral in its present shape was completed in 1382. Built on a very soft ground it has withstood all 
deformations caused by differential settlement during more than six hundred years. 
Cathedral consists of three parts: Choir, Nave and Towers. The plan could be seen in Fig. 4. The combined length of the 
Choir, Nave and Towers is 99 m. 
 
Fig. 4. Plan of Koenigsberg Cathedral [7] 
The construction was started from the Choir in the spring of 1332. The Choir was completed before 1344 and since that 
time served as a church. The towers were erected after the construction of the Choir. Finally the Nave was constructed. 
The construction of the Cathedral was finished before 1382 and it stood without any significant structural changes up to 
the end of the Second World War, when it was damaged by the British air forces in August 1944. After the war it was left 
without any maintenance for a long time. Now is the Cathedral rebuilt with participation of Lithuanian geotechnical experts 
(Fig. 5). 
The Cathedral was renewed and strengthened in 1901–1907 under the supervision of Richard Dethlefsen [8]. He revealed 
that the walls were cracked, due the differential settlement and introduced the settlement measurement. An excavation for 
the foundation strengthening revealed the existence of five levels of the floor. On the basis of the distance between the 
levels the value of the total settlement of the tower 1.67 m was obtained [7]. 
Deep geological borings for Cathedral were made in 1921–1925 and more detailed site investigations were conducted in 
1992. During the investigations our attention was concentrated on the upper layers of weak soils which govern the 
behaviour of the Cathedral structure. 
 
Fig. 5. View of Koenigsberg Cathedral 
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The ground layers of Koenigsberg Cathedral are could be considered as soft weak soils up to deep of 10–12 m. There are 
several layers of clay, silt and sand in it. 
4. Possibilities of grouting for two ancient Cathedrals 
The chemical injection process or chemical strengthening of soil for underpinning of foundations is applicable to alluvial 
deposits as sandy gravels, and sands of all but the finest grading [9]. Overall have a use in geotechnical engineering two 
difference trends of injection. The first way is the pore injection or grouting. The second way is the high pressure injection 
or jet-grouting. 
The chemical most commonly used is sodium silicate which in conjunction with other chemicals forms a fairly hard and 
insoluble silica-gel. In the two-shot process, pipes are driven into the ground about 0.5 m apart and calcium chloride is 
injected down one and sodium silicate down the other as the pipes are slowly withdrawn in stages [10]. 
Alternatively, one chemical can be injected as the pipe is driven down followed by the other chemical as it is withdrawn. 
The two-shot method has been largely superseded by the one-shot technique in which all chemicals are mixed together 
immediately before injected them. The grout is formulated so that the gel formation is delayed for a sufficient time to allow 
for complete penetration of the ground. 
Many other chemical processes based on the one-shot principle have been developed with the aim of obtaining a very 
low viscosity at the time of injection with only a slow increase in viscosity until gelatin occurs, thus ensuring maximum 
penetration [11]. The chemicals include acrylic polymers, urea-formaldehyde resins and lignin. Chemical consolidation has 
applications in underpinning work [12]. 
In favorable ground conditions this is a useful method of underpinning in connection with deep excavations close to 
existing structures [13]. The injections are made from ground level, thus avoiding the necessity of shoring or needling, and 
the wall of consolidated ground acts as a retaining wall when excavating close to the existing foundations. Chemical 
products such as silicates and their reagents, lignin based materials, acrylic, urea or epoxy resins, polyurethanes or others 
can be used in grouting work subject to compliance with environmental legislation [14]. 
Because most foundation problems are the result of insufficient density of the underlying soil, grouting is widely used to 
remediate soil deficiencies under structures that have undergone settlement. The basic principles of application are quite 
simple and well established [15]. 
Permeation grouting for stabilization of fine sand is the longest-established and most widely used grouting technique. It 
involves the filling of the pore space of soils. The objective is to fill a void space without displacement of the formation or 
any change in the void configuration or volume [16]. This can be done for the purpose of strengthening the host formation. 
Permeation is the only type of grouting that can be used in all of the different media into which grout may be pumped. 
Grouting of subsoil was first applied over 200 years ago. In 1802 the French engineer Charles Berigny used a suspension 
of water and pozzuolana cement to fill up caves in the foundation of a sluice damaged by settlements and to stabilize 
alluviums deposited there. He created the name “procedure of grouting”. He made the first known sketch of grouting work 
under a bridge pillar [17]. 
The development of cement grouting continued in France and England throughout the 1800s [9]. The applications were 
concentrated on civil structures such as canals, docks, and bridges. 
The injection of cement grout has been attempted on many occasions. Experience has demonstrated that the method may 
lead to the very satisfactory results, but only if the soil is relatively homogenous, and if the grain size is not too small. 
The grain size of cement particles limits the fineness of sand that is suitable for cement grouting. Clay suspensions of any 
desired fineness can be obtained, however, by removing the coarser fractions from natural clays. This has led to attempts to 
grout soils with clay slurries. In practice, it is found that the penetration of the slurry is impeded by the formation of a filter 
skin that seals the voids. 
A step forward was only possible after the invention of chemical grout materials on the base of pure solutions by the 
Dutchman H.Joosten in Germany in 1926. The original Joosten–System can be applied in gravel and in coarse and medium 
sand. Highly concentrated sodium silicate and calcium chloride are successively grouted forming a silicagel as soon as they 
come in contact with each other. The grouted soil is transformed into impermeable sandstone. 
After 1930 the Joosten–System was applied widely in the construction of underground railways. The result was an 
increase in safety of the excavation and a decrease in the risk of structural settlements [17]. 
In 1932, in Soviet Union, engineer B. Rzhanicyn, collaborating with well-known Soviet scientists of chemistry of the 
time, created a soil silicatization by two solutions method, very similar to the one proposed by Joosten. This method was 
used in Moscow to reinforce sand grounds of the buildings while building metro tunnels, so that big deformations would be 
avoided. 
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In 1939, Russian scientist Vladimir Sokolovich proposed a silicatization by one solution method for sand soils, filtration 
rate of which is lower than 2 m/day, and silicatization by two solutions cannot be applied to [18]. 
Chemical grout materials with very low viscosity were developed which could be readily mixed on the surface and 
injected into the subsoil in one shot. Such materials allow us to stabilize soil down to fine sand with a small content of silt. 
A single solution is injected containing a buffer that delays and controls the time of setting. The chemical injection 
methods are highly successful in clean relatively homogenous sands having an effective size greater than 0.1 mm, but the 
efficacy of the procedures decreases rapidly as the grain size of the sand decreases. Furthermore, it depends greatly on the 
chemical composition of the groundwater. 
Grouting is a technique of inserting some kind of stabilizing agent into the soil mass under pressure. The pressure forces 
the agent into the soil voids in a limited space around the injection tube. The agent reacts with the soil and itself to form a 
stabile mass. The most common grout is a mixture of cement with or without sand and water [19]. 
In general, grouting is one of the most expensive methods of treating a soil. It has a large number of applications. 
Generally grout can be used if the permeability of the deposit is greater than 0,001 cm/s. One of the principal precautions 
with grouting is that the injection pressure should not be sufficient to lift the ground surface. In using compaction grouting 
where a very stiff displacement volume is injected into the ground under high pressure, however, lifting on the ground 
surface as a grout lens forms is of minor consequence. 
For stabilization of permeable soils various methods have been devised, most of which involve the injection of slurries or 
solutions into the voids of the soil. Since they partly fill the voids, they also reduce the permeability. 
Environmental impact, particularly the toxicity of the grout and the grout components and their effect on the ground 
water and drinking water should by consider before grouting. 
In 1940's, along with the first developing trend of ground reinforcement by injections based on the use of multimolecular 
non-organic compounds (i.e. use of polymers with molecules having non-organic main chains and having no organic origin 
radicals), emerged the second trend. It was based on the use of organic polymers (synthetic resins). 
Realia of the Second World War also influenced application of these compounds for soil stabilization. The first time 
organic polymers have been used for soil reinforcement when the army of USA and England attempted to crash the German 
defence on the coast of Normandy. 
The new trend was being developed very keenly in USA, Japan and Soviet Union in the post-war period. However, in 
Western Europe, it was viewed more cautiously. 
5. Grouting with synthetic resin 
Synthetic resins are organic polymers (oligomers) with a, relatively, small molecular mass, and when hardening, they 
turn into insoluble and infusible polymers with dimensional structures.  
Out of many synthetic resins for soil reinforcement, carbamide, acrylic, urethane, furan and resorcine formaldehyde 
resins proved to be the most suitable. 
Carbamide (carbamide formaldehyde) resins form when carbamide (urea) is polycondensed with formaldehyde. They 
showcase thermoreactionary characteristics: in higher temperature, and in some conditions, in normal temperature, from 
them flowing state, they turn into viscous-flowing, later – into hard, insoluble and irreversible state. 
In 1929, English chemist V. Carruthers offered grouping polymers into polycondensed and polymerized. According to 
Carruthers, polycondensed polymers are those formed from polyfunctional monomers, and products with small molecular 
mass are relieved (e.g. water). Polymerized are those that form from monomers, but do not relieve any other products. 
Carbamide resin is a polycondensed polymer. 
The first to investigate the carbamide resin for its use in soil reinforcement was American engineer G. Lawton. In 1947, 
using this resin, he reinforced watery sand in an oil well. He used ammonium chloride as a resin hardener. 
Later, soils were reinforced by carbamide resin in many different countries. It reliably reinforced fine-grain sand and 
coarser sand soils, it would provide high compression strength (of up to 10 MPa), water resistance and durability. Solutions 
of hydrochloric acid (3 or 5 percent), organic oxalic acid (6%) and ferric chloride (18%) were used as hardeners. 
Owing to their availability and low cost, urea–formaldehyde resins have come into widespread use in world geotechnical 
engineering for soil stabilization. They are prepared from abundant raw material – urea and formaldehyde [20]. 
Acrylic resins are the polymers and copolymers of acrylic and metacrylic acids, nitriles and ethers. American F. Houser 
and E. Dannenberg were the first to announce of a possibility to use acrylic resins for soil reinforcement. From 1950, 
geotechnical engineers successfully use acrylamide formulas in ground reinforcement. The most popular of these are 
American AM-9, PWG, Q-Seal, AC-400, AV-100 and Japanese Sumisoil. 
Acrylamide formulas allowed getting a weak solution, however, a waterproof gel (solution that hardens during the 
gelatinization process). From environmental perspective, some of these were not clean. For instance, acrylamide effect on a 
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Japanese family that used water from a well only 5 m away from a construction site where soils were being reinforced by 
AM-9 solution is described in literature of geotechnical engineering. The free acrylamide monomer would penetrate into the 
well and formed a 1 g/m
3 concentration. That was enough to cause neural and mental disorders to the family members. All 
family members successfully recovered after they had been hospitalised. 
Following this and some other incidents, the USA National Occupational Safety and Health Institute has forbidden using 
the catalysts of AM-9 formula beta-dimethylaminopropiononitrile (β-DMAPN). 
Modern acrylic resins meet today's hygienic and sanitary requirements, and thus, they can be used for ground 
reinforcement in construction. 
Other synthetic resins were used more rarely for ground reinforcement. 
It must be noted that pore injection is suitable only in sand soils with filtration rate higher than 1 m/day. Scientists 
investigated a possibility to reinforce clay soils by liquid glass along with direct current. However, these tests were not 
implemented practically. 
6. Properties of solution of carbamide resins determined to grouting 
Such properties of solution of carbamide resins have been investigated: density, viscosity, pH (alkalinity level), and 
evaporation of components from solution.  
The content of free formaldehyde in carbamide resins used for injection chemical stabilization of soils attains 2%. Its 
liberation increases sharply in the hardening process of the resins, however, since a significant portion of the water 
contained in the resin, and also liberated during its condensation, goes over into the bonded state where it cannot absorb and 
retain the free formaldehyde that is liberated. The latter therefore passes from the stabilized sandy soil to the environment; 
this is also promoted by the low boiling point of formaldehyde (–19.2 °C). 
It is known that free formaldehyde dissolves readily in water, forming a saturated formalin solution with a formaldehyde 
content of up to 37% at normal temperature, and also mixes readily with air in any proportion. The density of gaseous 
formaldehyde is close to that of air; this permits the free circulation of the formaldehyde that goes off into the atmosphere. 
The maximum allowable concentration (MAC) of formaldehyde in the air should not exceed 0.5 mg/m
3 for industrial and 
0.012 mg/m
3 for residential air space. The MAC should not be higher than 0.005 mg/liter in agricultural and drinking water 
and recreation water supply, and 0.1 mg/liter for fish breeding [18]. 
The amount of free formaldehyde that passes from stabilized soil into the air and water media was determined using the 
author own titrometric method based on the interaction of formaldehyde with a neutral solution of sodium sulfite as a result 
of which a formaldehyde-bisulfite addition compound is formed with the liberation of an equivalent amount of free sodium 
hydroxide. The latter is titrated with hydrochloric acid, the amount of which is a measure of the content of free 
formaldehyde in the simple under investigation. 
To determine the free formaldehyde that passes from the stabilized soil into an aqueous medium, a sample is placed in a 
dry jar, which is tightly sealed with a polyethylene cover to avoid lose of free formaldehyde. Specimens taken from the jar 
are rapidly crushed into pieces ranging from 3 to 10 mm in size, and a batch weighing 50–60 g is formed from them, placed 
in a half-liter glass jar, and covered with 100 ml of distilled water, after which the jar is tightly sealed with a polyethylene 
cover. After 24 h, the water is filtered from the jar through a paper filter into a 250-ml conical flask. The soil sample is 
wetted with a small amount of distilled water, which is added to the filtrate via the filter. 
The specimen under investigation is again allowed to sit in water for 24 h. After the indicated time, the water is changed 
with subsequent determination of free formaldehyde in it. 
The test is discontinued in time with the complete absence of free formaldehyde in the aqueous medium. Several drops of 
phenolphthalein and a 0.5 normal (N) solution of sodium hydroxide are added to the filtrate in the conical flask to the 
appearance of a week crimson-color solution. 
Yet another drop of phenolphthalein and 25 ml of a saturated sodium sulfite solution neutralized in accordance with the 
phenolphthalein by the several drops of 0.5 N HCl are added to the prepared solution. The contents of the flask are agitated 
and allowed to rest for 5 min, after which the alkali that has been liberated is titrated with a 1 N solution of HCl until the 
solution loses its crimson color. 
A “control” test is conducted concurrently to improve the accuracy of the determination; 100 ml of distilled water and the 
above-indicated volume of neutralized sodium sulfite solution is taken for this test, but without introducing the batch of 
stabilized soil. 
The amount of free formaldehyde passing from the stabilized soil into the air is determined in a manner similar to the 
above-described method, only the crushed soil is placed in a polyethylene or glass cup, which is mounted in a half-liter glass 
jar above a water surface. As in the previous case, the jar with the specimen is tightly sealed with a cover. The free 
formaldehyde from the specimen will first pass into the air medium, and then be absorbed by the water, which is subject to 
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determination. In contrast to the previous determination, the holding time of the specimen above the water is increased by a 
factor of two. 
Under laboratory conditions, a is established by the experimental impregnation of a certain mass of sand with carbamide 
resin, and under field conditions from the average consumption of resin corresponding to 380 liters with a density of 
1.10 g/cm
3 per 1 m3 of stabilized sand. 
Table 1. Liberation of free formaldehyde from stabilized soil in air medium in percent to mass of resin 
Time-span of investigation Unmodified Modified “15” Modified “20” 
1 day 0.05 0.004 0.002 
7days 0.29 0.03 0.01 
14 days 
28 days 
2 months 
6 months 
12 months 
0.55 
0.92 
1.31 
1.97 
2.19 
0.05 
0.08 
0.12 
0.18 
0.20 
0.02 
0.04 
0.05 
0.08 
0.09 
 
It is apparent from Table 1 that 10–13 respectively 21–25 times less formaldehyde is liberated into the air from soil 
stabilized with the modified resins “15” and “20” than from the soil stabilized with the unmodified resins. In this case, the 
sharp irritating odor of formaldehyde was perceived above the freshly crushed specimens of soil stabilized with the 
unmodified resin, and acute smarting of the eyes was sensed, while these phenomena were absent in specimens of the soils 
stabilized with the modified resins. 
It was established by the investigations that ≈ 0.1% of weakly bound formaldehyde, which is not liberated into the 
environment, remains in the modified resins. This residual formaldehyde in the hardened resin assumes major significance 
in ensuring the high biological stability of the stabilized soils with time. 
Table 2. Uniaxial compressive strength of stabilized specimens in MPa 
Type of carbamide resin 
Held for 7 days in moist-air 
medium 
Held for 28 days in moist-air 
medium 
Unmodified 5.4 6.6 
Modified “15” 3.0 4.2 
Modified “20” 2.4 3.1 
 
As follows from table 2, the strength of specimens stabilized with the modified “15” resin with a 7-day hardening time 
and subsequent 7- and 28-day holding times in moist-air media, respectively, was found somewhat lower than that of the 
specimens stabilized with the unmodified resin; in this case, their strengths increase over time. 
7. Conclusions 
1. It is possible stabilization of sandy soil under Vilnius Cathedral with grouting. To stabilize peaty and clay ground of 
Koenigsberg Cathedral with grouting is not possible. 
2. Addition of active components to carbamide resins increased density and pH (alkalinity level) of solution, decreased 
viscosity. 
3. Uniaxial strength of sands stabilized with polymer resins is time dependent and increased from 2.4 MPa after 7 days to 
4.2 MPa after 3 months. 
4. 12 to 19 times less formaldehyde is liberated into the air from soil stabilized with the modified resins than from the 
soil stabilized with the unmodified resins. The sharp irritating odor of formaldehyde was perceived above the freshly 
crushed specimens of soil stabilized with the unmodified resin, and acute smarting of the eyes was sensed, while these 
phenomena were absent in specimens of the soils stabilized with the modified resin. 
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